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i Previous Findings
AMORPHOUS BINARY METALLIC ALLOYS (E.G. NI-W, W-ZR):
f - CRYSTALLIZATION TEMPERATURE TC = 650°C (N1-¥),
900°C (W-ZR).
1 - REACT WITH St SUBSTRATE AND METAL OVERLAYERS
1 (E.G. AL, AG, Au) BELOW Tc'

USEFUL AS DIFFUSION BARRIERS UP TO ~ 500°C wITH
AL OVERLAYER.
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- ADDING N SUPPRESSES REACTION WITH AL UP TO ~ 550°C.

Amorphous W-N

MOTIVATION:

Ti-N-H THN.

- SPUTTERED Tllowgo COMMONLY USED DIFFUSION BARRIER.
- ADDING N IMPROVES BARRIER FOR S1/T1-N-W/Au.
- SPUTTERED TIN WELL STUDIED, SUCCESSFUL.

- Stupy W-N.
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PROCESS DEVELOPMENT

Experimental Procedures

- SUBSTRATE: SI <100>, HIGH RESISTIVITY (900 2-cM),
AND S10,.

-~ BARRIER LAYER W-N: R.F. SPUTTERING; HOOW; 10MTORR
(AR + Np); Np COWCENTRATION: 0, 5, 10, 20, 40, 80%;
~ 900 A.

- METAL OVERLAYER M: R.F, SPUTTERED AL, AG, AU WITHOUT
BREAKING VACUUM; 1000 - 4000 A,

- VACUUM ANNEALING: < 7 x 1077 TORR; 400-900°C, 30 MIN.

- CHARACTERIZATION: RBS, X-RAY DIFFRACTION; SHEET
RESISTANCE, SEM, AES,

M M=A, A6, A

S1<100>
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PROCESS DEVELOPMENT

Figure 1

Sketch of W-N Phase Diagram Including Metastable Forms

FILM COMPOSITION [at %N]
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PROCESS DEVELOPMENT

Figure 2

Normalized Sheet Resistances of Si/W10go-xNx/Metal
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PROCESS DEVELOPMENT

Observations on Figure 2

- Pure W (x = 0) FaILS BELOW 500°C, 30 MIN FOR Au, AL.

- For AG AND AL: AMORPHOUS AND POLYCRYSTALLINE W-N
EQUALLY 600D,

- For Au:  ONLY AMORPHOUS W-N 15 6OOD, g

- FAILURE MODE: DELAMINATION + LOCALIZED CHEMICAL
INTERACTION + LARGE SCALE INTERMIXING.

Conclusions

PP

- GOOD BARRIER BETWEEN SI <100> AND

AG: ~ 20 < x < ~ 70 up To 700°C, 30 MIN.
Au: ~ 20 < x < ~ 40 up TOo 800°C, 30 MIN.
AL: ~ 20 <x < =~ 70 up 10 550°C, 30 MIN.

RPN
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PROCESS DEVELOPMENT

ORIGINAL PACE I3

Figure 3 OF POOR QUALITY

SEM micrographs of annealed Si/W-N/metal samples before and after chemical
etching of the metal overlayer. (A) Blistering and fracturing is seen in th.
$1/W,5Ng5/Ag sample after annealing ot 700°C. (B) Etching of Ag removes thc
characters. (C) Blistering is seen in the Si/W;;Ny3/Au sample after ¢ine.’iig a.
600°C. (D) Etching of Au removes the characters. The few characters of ti._ §i/¢ ;
N33/Al sample annealed at 55°C (E) are also removed by etching Al (nct s ).
(F) A typical localized failure point observed in Si/W-N/Au (and Si/W-N/AL}
samples annealed above the eutectic temperature of the overlayer with silicon.
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PROCESS DEVELOPMENT

Amorphous Bilayers

AL METALLIZATION SCHEME; AT 550°C

S1/W-N/AL STABLE
S1/M-ZR/AL NOT STABLE
S1/W-Zr/M-N/AL NOT STABLE
S1/T1/M-N/AL NOT STABLE
SI/TIN/M-N/AL STABLE

PoSSIBLE EXPLANATION:
- T1 (0R ZR) DEPRIVES W-N OF N UPON ANNEALING.

NEeED AES FOR N PROFILING.

Qutlock

QUESTIONS:

FOR ~ 20 < X <~40: ROLES OF N AND MICROSTRUCTURE
IN INHIBITING S1/W-N/AU INTERDIFFUSION,

ROLE OF SUBSTRATE BIAS AND BASE PRESSURE IN SPUTTERING
CHAMBER.

WHY DOES T1 CAUSE THERMAL INSTABILITY IN SI1/TI/W-N/AL
AT 550°C?

FUTURE WORK:

TEST AMORPHOUS BARRIERS ON SHALLOW JUNCTIONS.
TEM sTuDY OF W-M FILMS,

AMORf'HOUS BILAYERS,
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